Here we investigate the variability of physical parameters in the broad line region (BLR) of NGC 5548 using the BP method given by Popović (2003). We apply the method on the Balmer lines observed from 1996 till 2004, and found that variability seen in lines, is also present in the electron temperature. We found that the averaged electron temperature for the period was T= 22600 K, and that varies from 12 000 K (in 2002) till 34000 K (in 1998). This variation cannot be explained with an intrinsic extinction and it presents real variability in physical parameters: the electron temperature and density. We found a high correlation between the optical continuum intensity and electron temperature (r = 0.85) that supports existence of an accretion disk in the BLR of NGC 5548.
INTRODUCTION
The physics and kinematics in the Broad Line Region (BLR) is more complicated than in the Narrow Line Region (NLR) or in gaseous nebulae (Osterbrock 1989; Krolik 1999; Sulentic et al. 2000 and references therein). In difference with the NLR where forbidden lines (e.g. [OIII] and [NII] lines) can be used for emitting plasma diagnostic, the physical conditions in the BLR cannot be obtained using simple relation between the line ratios. The pure recombination conditions cannot be applied in BLRs, e.g. the flux line ratios are different than expected in the case of recombination (e.g. in some AGNs Lyα/Hβ ≈ 10, Osterbrock 1989) . Two effects can result in such a ratio of the line flux of hydrogen lines: collisional excitation and extinction effects. Dust is present in the BLR of AGNs, but it seems that in some cases it cannot explain the line flux ratios. Recently, Popović (2003) showed that in the BLR of some AGNs, the Balmer line ratios follow the Boltzmann-plot (BP), that indicates the Partial Local Thermodinamical Equilibrium (PLTE) in at least a part of the BLR. In the case of the PLTE, the BP method can be used for the electron temperature and density diagnostic, but as it was noted in Popović (2003) an alternative of the PLTE in the BLR of some AGNs might be the intrinsic reddening.
In order to proof the BP as a method for determination of electron temperature and density in the BLR, here we investigate the spectra of NGC 5548 observed from 1996 until 2004 (Shapovalova et al. 2004) . First, we found that the BP can be applied to the broad Balmer lines of NGC 5548, and after that we apply BP to find the electron temperature. This galaxy is one of the most monitored of Sy 1 galaxies (Shapovalova et al. 2004 and references therein), in order to find the size and kinematics of the BLR. The aim of this work is to investigate the variations of the physical properties of the NGC 5548 BLR during a period of 8 years.
OBSERVATIONS AND SELECTION OF THE SPECTRA
Optical spectra of NGC 5548 were obtained with the 6 m and 1 m telescopes of SAO (Russia, 1996 (Russia, -2004 and at INAOE's 2.1 m telescope at the Guillermo Haro Observatory (GHO) at Cananea, Sonora, Mexico (1998 Mexico ( -2004 . These were obtained with long slit spectrograph equipped with CCDs. The typical wavelength range covered was from 4000 A to 7500Å, the spectral resolution was 4.5-15Å, and the S/N ratio was >50 in the continuum near the Hα and Hβ. Spectrophotometric standard stars were observed every night. The informations on the source of spectroscopic observations are given in Shapovalova et al. (2004) . The basic data about spectroscopical observations are given in Table 1 .
The spectrophotometric data reduction was carried out either with the software developed at the SAO RAS by Vlasyuk (1993) , or with IRAF for the spectra obtained in Mexico. The image reduction process included bias subtraction, flat-field corrections, cosmic ray removal, 2D wavelength linearization, sky spectrum subtraction, stacking of the spectra for every set-up, and flux calibration based on standard star observations. The procedure of absolute calibration of the spectra is described in details in Shapovalova et al. (2004) and here will not be repeated. 
MEASUREMENTS OF THE BROAD LINE FLUX
One can expect that the BP can be applied only in the case of the broad Balmer lines (Popović 2003) , and first step was to subtract the continuum and also subtract the narrow and satellite lines from Balmer lines. To estimate the contribution of these lines we used a template of narrow and satellite lines (Figure 1 ) estimated from two independent measurements in the case of the minimum intensity of the Balmer broad lines. We should note here, that in this template is included the Fe II template in the Hβ spectral region, that also can vary, and can have higher contribution that was estimated. But, testing the contribution of the Fe II template, we conclude that it may contribute about 2-5% to the total measured line flux of the Hβ line.
On the other hand, we a priori took into account that the continuum subtraction contributes 10% in the error-bars of the measured fluxes. In principle, this we can expect in the case of the weak Balmer lines (e.g. Hε), but in the case of the Hβ and Hα it should be smaller. Consequently, the contribution of the Fe II template to the Hβ flux is in the frame of error-bars.
The fluxes of the Balmer lines were measured several times, but it is important that independent mea- surements were performed by two persons. The flux ratio of the Balmer lines and fluxes of the Hβ from different periods are given in Table 2 . We should note here that from observed spectra we used only these where the spectral region from Hδ to Hα is covered, expect two spectra (see Table 2 ) where the spectra from Hε to Hα were used in order to cover an interval in 2000 and 2001, where the spectra in the full Balmer line wavelength band were not observed.
The error bars, presented in Figure 2 , are estimated as cumulative errors due to the continuum subtraction error (10%) and error of the line flux measurements. One should note that we approximately subtracted narrow and satellite lines, but we estimated that the error in this procedure was within the frame of errors presented on the graphs.
Reddening
The reddening effect can influence the Balmer line ratio (e.g. 2002; Popović 2003) and consequently the temperature parameter obtained by the Boltzmann plot. In the case of NGC 5548 the Galactic reddening is negligible E(B-V) = 0.020 mag (Burstein & Heiles 1982; Schlegel et al. 1998) , and here is not considered. Concerning the intrinsic reddening in first approximation we can adopt that it might be 30% -40%, as it is given in Popović (2003) . In any case since we investigate the changes in the BP during an interval it is not important, it means that the intrinsic reddening should not vary too much in a relatively short period of around 8 years.
Velocity Measurements
The data quality required for a comparison of temperature parameter A as a function of velocity is quite high. The data quality is different for different spectra of NGC 5548. Consequently, for velocity measurements we used only the Hα and Hβ lines. To investigate the velocity obtained from the FWHM and FWZI as a function of temperature for considered AGNs, we first normalized the broad profiles of these lines to one and converted the wavelength axis to the X = (λ − λ 0 )/λ 0 scale (the same as it was given in Popović 2003). We measured FWHM and FWZI of the Hβ and Hα line, and find of averaged value for FWHM and FWZI for each spectra 4. RESULTS AND DISCUSSION 4.1. BP of NGC 5548 As one can see in Figure 2 and 3, the BP shows of presence the PLTE in the BLR of NGC 5548. We found that in all considered periods, the temperature parameter A > 0.3. It means that the recombination 'case B' plus an intrinsic reddening cannot explain the line flux ratio of the Balmer lines. Also, we investigate the dependence of the temperature coefficient as a function of FWHM and FWZI ( Figure 3 ). As one can see from Figure 3 , there is no significant correlations between widths and A. It might be since the line width is mainly constrained by kinematics, probably an accretion disk as it was suggested by Shapovalova et al. (2004) . But, as one can see from Figure 3 , an averaged value obtained from all periods (full triangle in Figure 3 ) is in a good agreement with previous results (Popović 2003) .
Also, we could find the temperature using Eq. (2) given in Popović (2003) :
We present the temperature variation in the considered period in Figure 4 (top), and as one can see the averaged temperature is 22600 K, and it is changing around 50% in the considered period. The maximum value of the temperature was in 1998, and minimal in 2002. On the other hand, the value of electron density depends of opacity of emitting plasma (Popović 2003) and can be estimated to be in an interval from 10 9 cm −3 for the optically thick plasma to the highest value of the order 10 14 cm −3 for the optically thin plasma. The normalized electron density (N e/N e ′ , normalized on the electron density of the first spectra, i.e. for 960213 we have that N e/N e ′ =1) is presented in Figure 4 (bottom) and as one can see from the figure, the variability in the electron density follows the temperature variability, but with smaller changes than the temperature variability (in a frame of ±20% of the main value). It is expected, since N e ∼ √ T (see Griem 1997 , Popović 2003 
Physical properties of the BLR
In order to find additional evidence that the PLTE exist in the BLR of NGC 5548, we investigate the continuum intensity as a function of temperature. In the case of the PLTE, we account that free-bound and free-free emission during electron-ion collisions can be obtained by multiplying the effective absorption coefficient with the Planck function (Griem 1997) . Then one can obtain that the ratio of the continuum intensities measured at two wavelengths (λ 1 and λ 2 ) can be written as (see Eq. 5.21 in Griem 1997) I
(1) where ξ f f and ξ f b are the coefficients for free-free and free-bound transition, respectively; h and k are Planck and Boltzmann constants, and c is the speed of light. In principle, the continuum is a function of the temperature. To find the correlation, we measured the flux in a window from 4240Å to 4260Å (rest wavelengths) and found an averaged value for 4250Å as well as in the spectral range from 5090Å to 5110Å (rest wavelengths) with an averaged value at 5100Å. As one can see from Figure 5 (first two graphs), the continuum tends to be a linear function of the electron temperature. We found a high level of correlation between the continuum and temperature variability (r = 0.85). On the other side, as one can see from Figure 5 (bottom) the continuum intensity ratio at 4250 and 5100Å follows the expected function given by Equation (1). We assumed that the coefficients ξ f f and ξ f b have a weak dependence of temperature, and that they can be considered as constants for a given wavelength. The dashed line in Figure 5 (bottom) presents the best fit using equation (1). From the fit we found the following values of the coefficients: ξ f b (4250Å) = 0.672, ξ f b (5100Å) = 0.217; ξ f f (4250Å) = 1.42 and ξ f f (5100Å) = 1.04.
The obtained values for the coefficients from the fit ( Figure 5 , bottom) are in the frame of expected values obtained from theory and experiments (Griem 1997) . Obtained high level of correlation between the continuum and electron temperature as well as the ratio of the continuum at different wavelengths and temperature is in support of a dominant emission of an accretion disk. As it was noted by Urlich (2000) for the case of NGC 4151 the high correlation between X-ray emission (originated in an accretion disk) and temperature is expected. Here, we first show that this correlation exist in the optical part of the continuum. Also, our results indicates that the BLR in NGC 5548 (probably with dominant disk geometry) is in the PLTE. The similar results are found in the case of NGC 3516 (Popović et al. 2002) ; but one should take into account that the structure of the BLR can be complex and that the BLR can be composed from at least two kinematically and physically different regions (Popović et al. 2004; Bon et al. 2005) .
CONCLUSIONS
Applying the BP method to the broad Balmer lines of NGC 5548 observed from 1996 to 2004 as it was proposed by Popović (2003) we found that:
(i) The Case B recombination cannot be considered in the case of the BLR of NGC 5548 during all considered period. It seems that the collisional processes play significant role and the BLR tends to be in the PLTE, what should be taken into account when modeling the BLR of NGC 5548
(ii) The electron temperature was changing from 12000 K (in 2002) till 34000 K (in 1998). An averaged temperature is 24600 K, what is expected for the BLR. The maximum of the temperature and electron density corresponds to the period where the Balmer lines are the most intensive.
(iii) We ruled out that extra high excitation can produce such line ratio, and proof that the BP can
